Abstract -This article is a concise review of up-to-date information and recent discoveries concerning structure, site of action, tissue distribution, biological effects and molecular mechanisms of Bcl-2 family proteins. Particular attention has been focused on the physiological aspect of Bcl-2 protein function with emphasis on animal production and health. Bcl-2-related proteins are the principal regulators of apoptosis, acting through the control of ions (K + , H + , Cl-, Ca 2+ ) and reactive oxygen species fluxes, the release of apoptogenic factors from mitochondria (AIF, cytochrome c) and the activation of the executors of apoptosis (caspases, DNases). The response of Bcl-2 proteins to pro-and antiapoptotic signals relies on the activation of transcription and translation, phosphorylation, proteolytic cleavage, interactions with Bcl-2-related and other (structurally unrelated) 
. The bcl-2 proto-oncogene was first discovered as a result of its involvement in the t(14;18) chromosomal translocations common in non-Hodgkin's lymphoma [39, 40] . The [36] . Fifty-seven percent of breast cancers [46] and 27 % of prostate cancers [4] [38] .
Post-translational modifications
The pro-and antiapoptotic function of Bcl-2 family proteins can be altered via the post-translational regulatory mechanisms such as phosphorylation and proteolytic cleavage [2] . The Bcl-2 protein has been shown to be phosphorylated in vivo and the phosphorylated protein was found (depending on cell type, stimulus, local environment and differences in phosphorylation sites) either more or less efficient in promoting against apoptosis, compared to the unphosphorylated protein [5, 10] . Serine phosphorylation of death agonist Bad in response to interleukin-3 resulted in binding to a rather ubiquitous cytosolic protein 14-3-3 [34, 48] [35] . Conversely, the administration of TGF-Ø 1, the auto-and paracrine apoptogenic factor, greatly increases Bax transcript levels in HC-I cultures treated or untreated with EGF or prolactin [44] . The [44] . Similarly, mouse mammary gland involution is associated with a high level of Bax and a decrease of Bcl-2 protein [28] . Bax and Bcl-xs mRNA levels in mammary epithelial cells increase within the first day after weaning, coinciding with the induction of apoptosis [11] . Bcl-2, Bax and Bcl-x proteins are also apoptotic checkpoint regulators in ductal morphogenesis of the murine mammary gland [15] .
Mechanisms of action
The chain of events triggering apoptosis at the effector stage and possible sites of Bcl-2 action are presented in figure 3 . [20, 47] . Unlike AIF, cytochrome c, which was identified as an apoptosis-activating factor 2 (Apaf 2) [25] , requires the cytosolic proteins, Apaf 1 and Apaf 3 to proteolytically activate caspase 3 [41, 50] . Apaf-1 is similar to Ced-4, the nematode protein regulating apoptosis in Caenorhabditis elegans. Vaux [41] [33] suggested that the caspase cascade triggered by cytochrome c and Apaf-1 possesses exquisite specificity and leads only to the activation of caspase-3, -7 and -9. The Bcl-2 and Bcl-xL proteins inhibit caspase activation by preventing the release of AIF and cytochrome c from the intramitochondrial space and by direct binding to Apaf 1 (Ced-4) . The structure of Bcl-xL shows that it should integrate into membranes and possibly interact with Ced-4 homologues [3] . Bcl-2-related death antagonists form complexes with Ced-4 and some procaspases, thereby inhibiting caspase activation [6] . Death agonists of the Bcl-2 protein family presumably disrupt these complexes, leading to the activation of caspases, triggering apoptosis. Overexpression of bax in COS-7 cells induces apoptosis dependent on the activation of caspase 3 [18] . Baxinduced apoptosis is abolished by Bcl-xL and Bcl-2, but only Bcl-xL inhibits the activation of caspase 3. This suggests that the apoptosis induced by Bax overproduction is differentially regulated by Bcl-xL and Bcl-2, which suppress cell death.
Caspases -executors of apoptosis
Caspases (cysteine aspartases) are a family of ten sulphydryl proteases, essential for apoptosis (for review see [17, 43] ). However, there is evidence that they are not required in all cases of apoptosis [21, 31] . ] . Caspases may be divided into two classes based on the length of the N-terminal prodomain: caspases 1, 2, 4, 5, 8 and 10 have long prodomains and caspases 3, 6, 7 and 9 have short prodomains [43] . The [26] [23] . The molecular mechanism of intracellular Ca z+ regulation by Bcl-2 protein is unclear, but a direct effect of Bcl-2 on Ca z+ channels is possible [26] . There is a relationship between concentration of ROS and Ca z+ release from intracellular stores. Oxidative stress increases Ca z+ release from the endoplasmic reticulum and mitochondria [23] . Bcl-2 may play a key role in this relationship by inhibiting ROS release from mitochondria ( figure 3) . Overexpression of bcl-2 protects the cell against apoptosis induced by ROS [ 13] . Overproduction of Bcl-2 and its insertion into the outer mitochondrial membrane prevents ROS-mediated changes in mitochondrial permeability and the release of AIF from the mitochondria into the cytosol [20] 
